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INFANT MONITORING SYSTEM AND METHOD 




BACKGROUND OF THE INVENTION 

1. Field of the Invention 

This invention generally relates to a system and method 
for monitoring personnel; particularly, a personnel 
monitoring system, and method having applications in 
institutions such as hospitals, homes, and penal 
institutions for ensuring the security of infants and 
monitoring the movement of children, patients, and 
prisoners . 

2. Discussion of the Related Art 

Monitoring systems are available in which, for example, 
tags are attached to articles. If the tag and article are 
moved past a detect£>r„ placed at a strategic location such as 
an exit, an alarm sounds. Such shop- lifting prevention 
systems- are widely used in department stores. In many 
cases, it is desirable to monitor movement of persons and in 
particular to instantly detect the identity of such persons 



when such movement is detected. In the particular case of _ 

hospitals and .penal institutions, it is desirable to monitor 
*• - 

movement of individuals from one area to another in the 
building, or at entrances and exits to the building. 

5 In these cases it is not enough to simply detect 

movement. It is essential to be able to detect both that 
movement has taken place, and it is also necessary to 
q immediately identify the person detected. 

i 

£3 
Si 

C3 For example in the case of a hospital maternity ward, 

10 iy where despite close monitoring, the number of infant theft 
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attempts has been on the increase. Infant mixups or swaps 
have also been recent news items. 



The movement, location at any point in time, and 
identity of individuals in such settings is of paramount 
15 importance to those responsible for the safety and well 

being of the young, infirmed, and incarcerated. 

In- the particular case of infants or patients in 
hospitals it is important not only to detect movement from 
one area to another, but it may also be necessary to 
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institute some form of remedial action such as initiating an 

alarm or instituting a search when unwarranted movement is 
detected. 

Summary of the Invention 

The present invention, in the most general sense, is a 
personnel monitoring system for locating and identifying 
individuals within a facility. More specifically, in 
accordance with a.. preferred embodiment, the present 
invention is directed to a child security system for 
monitoring an infant in a maternity ward setting. 

A preferred system of the present invention includes a 
locator subsystem and a security subsystem. The locator 
subsystem is capable, of determining locations of badges. 
The security subsystem is capable of monitoring badges and 
activating alarms upon detection of security breach 
conditions. It. is contemplated that the badges will be worn 
by infants and designated personnel associated with the 
infant *(e.g., mother, father, nurse, visitors).* A 
plurality of transceiver modules provide monitoring and 
location functions. A transceiver module (TM) is preferably 



mounted at the bassinet and another is mounted on a wall in 
the nursing room. 

The TM is capable of receiving and storing signal data 
including ID. signals being substantially continuously 
transmitted from the infant and adult badges. The 
transceiver also includes a processor for processing the 
data {signal strength) from the badges. From the received 
data the TM processor computes range data for those badges 
and infant anklet. .that are within range. The received ID is 
compared with a stored local "association" database and 
together with the range information is used to ensure that 
one of the designated individuals is near the infant (i.e. a 
non-alarm condition defined by at least one designated 
person within a pre-defined, programmable, zone of safety 
around the infant). Badge identification and range 
determination is achieved using one or both of the wireless 
IR and RF data link from the adult badges and infant 

(anklet) to the.TM. _The two links are considered mutually 

redundant . 

In one aspect of the invention, a method of monitoring 
one or more infants comprises the steps of: an infant 



transmitter for substantially continuous transmission of an _ 
infant, identification signal, said first transmitter being 
securably attached to an infant to be monitored; a plurality 
of mobile transceivers to be worn by individuals responsible 
for the safety of said infant, each of said plurality of 
badges including a transceiver transmitting a substantially 
continuous unique identification signal. The system 
includes a transceiver module comprising: a receiver for 
detecting the infant identification signal from the infant 



10 * transmitter and the unique identification signals from the 
■J- 

=»! plurality of mobile transceiver; a transmitter for 
03 

5 transmitting signals to said plurality of mobile 
□ 

y3 transceivers; and a processor for determining the range of 

Mj the mobile transceivers, said processor also for generating 

15 Ep4 alarm condition signals. 



Since operation is based upon proximity detection and 
low cost repeaters, the method of the present invention can 
be effectively employed, for example, at attraction theme 
parks, children's hospitals, old age homes, and similarly 
20 situated venues where personnel detection is at* issue. 

Further, if a wider area of coverage is desired, additional 
transceiver working in unison (i.e. WEB architecture), could 
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detect that at least one of several networked transceivers — 

is in touch with a particular anklet. 
** * 

These and other objects, features and advantages of the 
present invention will become apparent from the following 
detailed description or illustrative embodiments thereof, 
which is to be read in connection with the accompanying 
drawings . 

FIG. 1 is a. perspective view of a typical hospital 
p nursery environment with an infant depicted with a portion 

10 FiJ of a system of the present invention. 
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Fig. 2A is a perspective view of a transceiver module 



f«l assembly of a preferred embodiment of the present invention, 



Fig. 2B is a perspective view of an infant badge 
(anklet) . 



15 Fig. 3 is a block diagram of components of a 

transceiver module of the present invention. 
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Fig. 4A is a block diagram of major components of an 
infant badge unit (anklet) . 

Fig. 4B is a block diagram of major components of adult 
badge unit. 

^^'^^ig. 5 is a flowchart/illustrating an embodiment of a 
jnetliod of personnel monitoring according to the present 
invention. / 

Fig. 6 is a flowchart illustrating a yellow alarm mode. 



Fig. 7 is a flowchart illustrating a red alarm mode. 

Fig. 8 is a flowchart illustrating a pressure pad 
processing mode. 

Fig. 9 is an illustration of an overall system 
according to the present invention. 

• DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 
FIG. 1 illustrates an exemplary use of a personnel 
monitoring system of the present invention. There is shown 



at FIG. 1 a typical nursery 10 environment as known in 
hospitals or infant care rooms in which an infant 12 is 
placed in a bassinet 14. The infant 12 is wearing an infant 
badge 15, which can be in the form of a bracelet, anklet, or 
a skin contact badge and is tended to by a nurse or care 
giver 16 wearing an adult badge 20. It is further 
contemplated that other persons affiliated with the infant 
(e.g., mother, father, visitors) would also be assigned 
badges. Also illustrated in FIG. 1 is a transceiver module 
(TM) 18, which in. this case is shown mounted on the bassinet 
14. Upon association of the infant and adult badges to the 
bassinet TM, the bassinet system constitute the basic 
components of a monitoring system for a single infant, as 
will be further described below. 

A wall mount TM 22 is electronically linked to the 
bassinet TM 18 and a ceiling unit 10, which is in turn 
electronically linked to a central server of a locator 
system. _ 

As- shown in Fig. 2A, the transceiver modul'e housing 
exterior preferably includes red, green and yellow LED 
indicators 65 preferably located on the top of the 



transceiver housing that are software settabie and serve to _ 

identify the operating status of the TM, for example, red 
•» » - 

alert, yellow alert or normal operation. A display 60 and a 
keypad facilitate interface with the TM. processor, including 
data entry and password control. The keypad is preferably 
of a 12 key telephone type. As will be explained below, the 
keypad can also be used by the nurse to locate a wandering 
mom. In this case, the TM will receive the location 
information based on the information received from the 
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10 infrared badge worn by the mother. The display would report 

d 

J= the location of the mother. Also the . keyboard can be used 
42 to reset alarms originated from the TM. Alarm conditions 

s 

u are transmitted to other TMs . When an alarm is received, the 

42 

M J 

I: receiving station will report the type and location of the 
15 li, alarm. 

FIG. 3 shows a block diagram of the major components of 
a transceiver module, which can be mounted on the bassinet 
18 and walls 22. T_he__ transceiver module contains an 
internal battery supply, but also provides a connection for 
20 an auxiliary power pack. It further provides input /output 

connections to optional external devices such as relays, dry 
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contact closure sensing devices, pressure pads and short 
range antenna .. 

The second switch, when pressed, transmits a command, 
turning on piezoelectric buzzers in all associated badges, 
excluding the infant anklet, for 15 seconds. 

The transceiver module preferably includes embedded 
infrared (IR) transmitter and two embedded RF 
receiver/transmitter pairs, a processor DSP 200 with 
sufficient nonvolatile memory to accommodate downloadable 
transmission and reception attributes of operating 
parameters including storage for badge associations, and 
firmware for operating and controlling the TM. The DSP 
processor is controlled with a drop out (filtering) 
algorithm to minimize false alarms. That is, spurious 
signals falsely interpreted as transmissions from badges. 
Additionally, each TM is programmed with a unique ID as a 
factory setting.. The__unique ID may be imprinted on a label 
affixed to the unit. The TM can be energized from four 
lithium- cells, which may provide continuous power to the 
transceiver when an optional auxiliary power pack attached 
to the bassinet 14 is not used. The TM includes an I/O 
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connector for I/O functions including: 1) reiay closures, 2) 
provide dry contact closure outputs, 3) provide auxiliary 
power to the transceiver, 4) provide an external antenna, 5} 
provide data I/O for connection to a host PC when the 
transceiver is acting as a server node, and 6) connecting an 
optional pressure pad, lights, and auxiliary power. 

There are two RF transceivers in each TM. One 
communicates with all badges within its area and the other 
communicates with, all other TMs . The badge transceiver with 
antenna 210 operates at a frequency of between 300 and 
400Mhz and the TM transceiver with antenna 220 preferably 
operates above 900 mHz. The badge transceiver 210 is 
preferably designed such that the transmitter's power and 
the receiver's sensitivity are sufficient to communicate at 
a distance of at least 100 feet. Under such circumstances, 
the transmitted signals would certainly be received by an RF 
receiver disposed approximately 3 0 feet from its associated 
transmitter. Signal conditioners 216 and 226 include 
waveshaper and amplifier which amplify the signals received 
by receivers 212 and 222. The conditions include a 
plurality of operatinal amplifiers for detecting the energy 
level of the received signal. The operation amplifiers (not 
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shown) are connected as comparators which are set at 
different thresholds. The comparators are monitored by the 
processor 2 00 for determining the energy level of the signal 
received. Connector 218 can be used to connect to a 
secondary antenna and pre-amplif ier . The TMs include 
display 240, LEDs 260 , and speaker 270 for audiovisually 
indicating alarm conditions. I/Os 280 are connectible to a 
plurality of sensors or actuators. Sensors can be pad 
sensors placed in bassinets. Actuators can be controls for 
relays to lock doors if necessary. I/Os 280 can also be 
interrupts to processor 200 for triggering event or 
logical processes. 

An infrared transmitter with IR LEDs 230 transmits the 
TM identification data to an infrared receiver (ceiling unit 
10 of Fig. 1) , IR conditioner 234 receives a serial bit data 
stream to be transmitted from the processor 200. The 
modulator 234 generates a carrier signal which is modulated 
by the serial data.„__The modulation can be by FM or ASK 
techniques known in the art. The modulated signal is fed to 
an LED driver 232 for providing current driving* capability 
to LEDs 230. Descriptions of an FM infrared 

transmitter/receiver can be found in U.S. Pat. No. 5,366,022 



to U. Segov, the disclosure of which is incorporated by- 
reference herein. 

According to an alternate embodiment, -the TM includes 
an infrared receiver (not shown) for receiving infrared 
signals transmitted from adult badges or other TMs . 

Infrared receivers are disposed in ceiling units (10 of 
Fig. 1) . The receiver is capable of receiving, infrared 
transmissions from badge units, preferably at a distance of 
about 30 feet. The ceiling unit infrared receivers are 
electronically linked to the central server, which serves as 
the central processor of the system. The central processor 
receives badge and TM identification data relayed from the 
ceiling units. The locations of each transmitting badge or 
TM unit is determined by the central processor. U.S. Patent 
No. 5,455,851 describes in detail a location system useable 
as the locator system described herein. The disclosure of 
the "851 patent : in _i.tjs .entirety is incorporated by reference 
herein . 

The use of infrared signaling in addition to RF 
signaling offers several advantages. Infrared signaling 
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with its line of sight transmission path can be reused in 

each room without interference from other IR sources and 
»■ - ■ 

thus allowing a backup means of data transfer while 
providing precise location information. Preferably the IR 
radiation is low level, non-coherent and totally eye- safe to 
avoid any eye damage and is in compliance with government 
regulation. The IR system is preferably a pulse infra-red 
operating at a selected data rate. The use of a periodic 
burst mode of transmission is preferred rather than a 
continuous mode of transmission, reducing the power 
consumption of the badges while allowing several IR devices 
to simultaneously transmit within a given area. This 
reduced power requirement enables the use of rechargeable 
battery powered transmitter units (badges) having a 
reasonable operating cycle. 

Referring now to FIG. 2B, the infant badge is a 
disposable RF transmitter containing a unique ID, 
implemented at the factory. The badge is both small and 
lightweight so that it may comfortably wrap around an 
infant's leg without interfering with the movement of the 
infant 12. The infant badge somewhat resembles a charm 32 
with the RF circuitry encapsulated in a rugged plastic 
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enclosure. The infant badge is preferably hermetically 
sealed to be able to withstand typical hospital disinfecting 
procedures. The strap 30 has an embedded antenna 36. 
Mechanical and electrical interlocks 37 are suited to 
multiple uses including an ability to tighten the strap as 
the baby dehydrates after birth. The electrical interlocks 
detect a loss of continuity. Under normal operating 
conditions, the badge 15 transmits power with a preferred 
transmit duty cycle of .02% at a 1 second or more rate. The 
rate of transmission is preferably in the range of 0.5 
seconds to several seconds, being set at a manufacturing 
stage. An alternate embodiment of the infant badge uses an 
adhesive pad 38. This pad and associated electronics 
allows for a measurement of skin capacitance. If the badge 
is removed from the baby's skin an alarm will occur. 

Fig. 4A shows the components of an infant badge 400. 
The preprogrammed badge 10 is transmitted via RF transmitter 
412 via antenna - 4 1Q_ __ The interlock or contact sensors are 
connected to I/O port to interrupt processor 416 upon 
detection of a broken strap or contact. 
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FIG. 4B illustrates major components of an adult badge 
440. The adult badge unit includes an RF transmitter 452 
and an infrared transmitter 458. Each badge is 
preprogrammed with a unique ID as a factor setting for 
5 recognition by the TM 18. The badges will preferably 

transmit RF in the 300 to 400 mHz frequency range. The 
badges will preferably transmit between 5-15 mwatts at a 
.02% duty cycle. Other embodiments may consider alternate 
Q frequency transmission ranges and transmission powers. The 

5 

10 ^ infrared (IR) transmitter 458 is used to transmit badge ID 



data to ceiling unit receivers for location determination. 
In an alternative embodiment, RF transceiver 452 receives RF 
signals, including alarm signals from TM 18 . A piezo buzzer 



fjj 466 audibly alerts the badge holder of such alarm. In a 

u 

15 Q further embodiment, IR receiver 464 facilitates receipt of 



IR signals. 



Referring again to Fig. 1, a pressure pad can be placed 
on a bassinet 14 to, detect the lifting of an infant from the 
bassinet. the pressure pad can be positioned on the 
2 0 underside of the bassinet mattress and connected to the 

bassinet TM 18 via a connector (not shown) . In operation, 
when an infant 12 is lifted from the bassinet 14, TM 18 
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senses a relay closure in the pressure pad and switches from . 

a long, range antenna mode to a close range antenna mode for 
a short duration, for about three seconds in a preferred 
embodiment . In short range antenna mode the TM 18 scans the 
immediate vicinity surrounding the bassinet 14 to determine 
the identity of third parties nearest the infant 12. If an 
associated badge 20 and/or infant badge 15 is detected, no 
alarm will sound. An alarm will sound, however, if the 
wrong baby has mistakenly been placed in the bassinet 60 or 
an associated badge is not present. 

A TM and an infant badge form a basic monitoring 
system, which will provide rudimentary protection by giving 
an audible alarm at the TM whenever the infant is moved 
beyond a prescribed safety zone or distance. 

Before the core components of a monitoring system are 
placed at a monitoring location such as at a maternity ward, 
they must be electronically "associated" . That is, when a 
TM is field deployed it must have some means of recognizing 
transmissions from badges. That is, the present invention 
contemplates the simultaneous deployment of similarly 
situated monitoring systems for monitoring a plurality of 



infants. As such, the TMs receive transmissions from both 
the infant and adult badges within its receiving range. It 
must therefore be capable of distinguishing transmissions 
received from badges associated with the transceivers and 
nonassociated badges. 

Performing an electronic association for a single 
hardware set (e.g., associated an infant badge and a 
plurality of adult badges can preferably be done by placing 
the TM in close proximity to the badges to be associated and 
depressing an association button or keypad on the TM, 
preferably by selecting an 'association' mode from the 
keypad and display of the TM for a predefined duration of 
time. The badges transmit their respective IDs and the TM 
processor places the associated IDs in its memory. 
Preferably, upon association, the processor the TM displays 
the associated badges and signals the completion of the 
association process. Alternatively, badges to be associated 
are placed inside a~-Faraday bag (i.e. an electronic signal 
isolation bag where signals cannot travel beyond the 
confines of the bag) to perform the "electronic* 
association" . The Faraday bag ensures that only those 
selected components that define a monitoring system for a 
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particular infant (i.e. hardware set) will be 
"electronically associated" . 

When a woman checks in to give birth, she is given a RF 
badge and an . ILS badge and the badge information is entered 
into the control server. The information could.be 
downloaded into MIS or central computer. A bassinet is 
selected readying for delivery of the baby. The bassinet TM 
transceiver module can be electronically associated with the 
mom's badge and her ID. The selected bassinet is moved to 



10 J= tne corn's delivery room. Several badges including at least 
q$ one infant badge should be found or placed in the bassinet, 

3 

Q ready for association with the bassinet TM. When baby is 

delivered, or even prior to delivery of the baby, the infant 
badge is associated to the bassinet TM by electronic 
15 association as previously described. The associated infant 

badge is attached to the infant. At that time, baby related 
data such as weight, size or name can be keyed into the 
bassinet TM. The information can then be uploaded to the 
wall TM and then central server or computer. Other badges 
2 0 can be associated for family members and visitors to the 

bassinet TM using the same association process. In the case 
of multiple births, the associated badges could be copied by 
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all associated data downloaded to a second bassinet TM. A 
second infant -badge is associated with the second bassinet 
TM. Upon delivery, the infant is placed on the bassinet, no 
association to wall TMs has yet been performed. When the 
baby is moved to the nursery, the assigned room is 
programmed into the bassinet TM or when the bassinet is 
physically placed in the room, a selection is made on the 
keyboard to associate that room to the bassinet TM. Once 
associated, the bassinet TM links with the wall TM which in 
turn is linked to. the central server unit. The infrared 
locator system (ILS) in the room receives badge 
transmissions from the bassinet and wall TMs. 

The RF system and the ILS system provide two layers of 
electronic protection. The RF system ("electronic leash") 
protects a given range (approximately 15 feet for yellow 
alarm and 3 0 feet for red alarm) whereupon if an infant 
badge is detected to be more than the specified distance, a 
yellow or red alarm_s_ounds or is displayed. The ILS 
provides a more precise measure of protection by having the 
capability to isolate and identify the location of the 
bassinet TM. Thus, while the RF electronic leash may not be 
violated, such as when the baby is placed erroneously in an 
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adjacent room, the ILS will detect such error and sounds an 

alarm.. 
*» - 

In an exemplary operation, when the mother is admitted 
to the hospital, the already associated devices are assigned 
to the mother. The nurse/care -giver scans a bar code or 
types in mom's name or other personal identification in the 
TM. The TM then accompanies mom until delivery, at which 
point, the associated infant badge is placed on the newborn, 
the TM is placed, either within the bassinet or adjacent to 
it, and the pressure "pad is connected . to the TM. The 
remaining associated guest adult badges are then returned to 
the nurses station. When visitors arrive they may or may 
not be required to carry a badge subject to hospital policy. 
When a bassinet is placed in a nursing room, a wall mounted 
TM is associated with the bassinet TM. The infant badge 
periodically transmits the ID to the bassinet TM. 

Each associated. badge transmits an RF ID that is 
decoded by the bassinet TM and compared with a pre-stored 
local % association' database, and together with* the 
calculated range information, a determination is made as to 
whether a responsible person (e.g., caregiver, mother, 



father, visitor) wearing an "associated" badge is within an 
acceptable range of the infant. The acceptable range is a 
dynamically programmable value that may change as 
circumstances require. Such change command may be 
downloaded from central server to wall TM and to bassinet 
TM. Note that in the general case, when multiple hardware 
sets are in simultaneous use, the "association" database 
serves to discriminate between associated and non-associated 
RF badge transmissions. 

The bassinet and wall TMs communicate via their RF 
transceivers {at about 900 Mhz) . The wall TM is in turn 
electronically linked to central server via a local area 
network. Information received by the bassinet TM is 
communicated to the central server for event and data 
processing. Location information resident on the central 
server is typically used for performing event processing. 
For example, a determination of the badge wearers within a 
room. Infant, mother.,, and associated data can also be 
uploaded to the central server in such a way. 
Alternatively, the wall TM can communicate (via* infrared) 
with the infrared receiver at the ceiling unit, without 
connecting to a wired network which is in turn 
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electronically linked to a central server. in such mode, 
all communications are wireless and the expensive 'wired' 
installations are dispensed. . 

ALARM CONDITIONS . 

Alarms are generated under 3. general scenarios: 1) when 

it is determined that a responsible party is not within a 

predefined safe distance from an infant, 2) whenever the 

infant is removed from the bassinet by a non- authorized 

-1* party, and 3) when the infant is removed from the bassinet 
yi 

10 ^.f by an authorized party beyond a preprogrammed safety zone. 

ru 

5 

q Under the first scenario, the associated badges and 

infant badge substantially continuously transmit their IDs 
and range positions to the bassinet TM are determined. The 
TM is pre-programmed with a safe distance value that 
15 determines a maximum allowable separation distance between 

the infant and at least one responsible party. If the 
bassinet TM cannot locate at least one responsible party 
being within a safe distance of the infant an alarm 
condition occurs. It is important to note that* the pre- 
2 0 programmed safe distance value can be changed dynamically, 

as circumstances require. This feature could prove useful 
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during baby transport between departments to ensure that a 
responsible party is even closer to the bassinet than would 
normally be required. All alarm conditions are signalled at 
the bassinet TM with the appropriate colored LED and/or 
speaker. The alarm conditions are transmitted to the wall 
TM which in turn forwards the alarm to the central server 
via the ceiling unit. According to one embodiment, alarms 
can only be reset manually at the TM originating the alarm. 

Under the second and third scenarios, whenever the 
infant at issue is removed from the bassinet, the act of 
removing the infant is detected by the bassinet TM via the 
pressure pad located beneath the mattress. This action 
switches the receiving antennas in the TM from a long range 
high sensitivity antenna to a close-range proximity antenna 
for a few seconds, on the order of 3 seconds in a preferred 
embodiment. The range of the close proximity antenna is 
preferably less than about twelve feet measured from the 
center of the bassineJ:.. Switching from long to close range 
antenna mode is intended to identify the badges within close 
proximity to the bassinet. If the close proxirnity antenna 
does not make a proper badge association, a red alarm 
condition is automatically triggered within the bassinet TM. 



Detecting an improper association is advantageous for a 
number of reasons including: 1) if a person is not 
authorized to pick up the baby, irrespective of whether he 
or she is wearing a badge, the unauthorized act of removing 
the baby from the bassinet will automatically sound an alarm 
at the bassinet TM and also at any central node. and 
secondary transceivers in use, and 2) if a baby is 
mistakenly placed in the wrong bassinet, the primary 
transceiver cannot make a proper association thereby causing 
a read alarm condition. 

If, however, the person removing the infant from the 
bassinet is properly associated (i.e. wearing an 
electronically associated badge) then under the third 
scenario, further safeguards are activated whenever that 
person attempts to stray outside the predefined zone of 
safety around the bassinet. 

The zone of safety can be discussed as two 
circumferential perimeters centered about the bassinet, a 
first perimeter defining an inner safety zone, preferably on 
the order of 15 to 20 feet from the center of the bassinet, 
and a second perimeter defining an outer safety zone, 



preferably on the order of 3 0 feet from the center of the 
bassinet. If .the person holding the infant strays beyond 
the first perimeter, the bassinet TM will go to yellow 
alert, illuminate a yellow flashing warning light, warning 
that person that they are about, to exceed the outer safety 
zone (i.e. second perimeter). If that person does not move 
back inside the bounds of the first .perimeter within some 
pre-programmed time, preferably around 3 0 seconds in a 

p preferred embodiment, then the light on the bassinet TM 

42 

yj will go to red {i.e. red alarm condition). The bassinet TM 

yl 

t3 sounds an audible alarm and transmits a red alarm condition. 

fy 



Further, whenever the infant is moved beyond the bounds of 



n the second perimeter an immediate red alarm condition is 

flj generated at the bassinet TM. In one embodiment, the red- 

15 p alert alarm condition transmitted from the bassinet TM is 
u 

received by the RF receiver 464 in the associated adult 
badges. The red-alert condition is transmitted to the wall 
TM 22 via the TM to TM RF link and in IR to ceiling unit 10, 
which in turn relays_ the alert condition, including the ID 
20 of the originating bassinet TM 18 to the locator central 

server.- As previously described, the central server has 
location information on all badge wearers and thus can alert 
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all appropriate personnel of the hospital including central _. 
nurse stations personnel to the infant. 

In one embodiment, the wall mounted TM 22 is connected 
to a computer net work with a LAN. Such wall TM unit is 
switched or selected to be in central node (CN).mode. Data 
uploaded from the bassinet TM 18 can in turn be forwarded to 
a central server of the network and stored in central 
database. Preferably, the computer network is connected to 
the infrared locator system (ILS) for exchange of database 
and location information. The wall TM 22 can also be used 
to relay infrared data (to ceiling unit 10) if the bassinet 
TM 18 is not equipped with an IR transmitter. 



detailed description pf a preferred embodiment of the 




nonitoring and locating system of the present invention will 
now be given in the content of the flowchart of Figure 5 . 

It should be appreciated that more than one set of 
associated hardware may be simultaneously utilized within a 
monitoring environment for the purpose of monitoring a 
plurality of infants. The following description explains 
the invention in terms of monitoring a single infant. 




At step 70, all timers and relays within a module are reset 

Step 72 is a ■ determination step to determine whether the 
transceiver is set to operate in central node (CN) 
transceiver mode or as a bassinet transceiver. If the 
5 switch setting indicates central node transceiver mode then 

a branch will occur to the CN operation. At step 74 a 
determination is made concerning the activation of the self 
test timer flag. If the flag is active the transceiver 

O 

42 broadcasts an "I'm OK" signal to any other transceivers 
10 within its receiving range (step 76) . Next at step 78, the 

«y internal timer is reset for some predetermined time interval 
a " for a re- transmission of the "'I'm OK"' signal. At step 80, 

yj the self test timer is decremented. Step 82 is a 

fij 

determination step to decide whether the association button 

Q 

15 H" has been depressed on the transceiver. Depressing the 

association button associates IDs received by all badges 
transmitting to the transceiver during the association 
process (step 83) . The associated badge IDs are stored in 
the association .database of the bassinet transceiver module. 

20 At Step 84 a determination is made whether a state change 

has occurred in the pressure pad. If so, the p'rocess 
branches to step 146 (Figure 8) . 
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At step 146, a 3 second interval timer is started. The 
bas.sJLRet^TM will switch from lohg range antenna mode to 
short range antenna mode inside this 3 second interval . In 
addition, the pad latch will be set. At step 148 the timer 
is decremented by some fixed amount. Step 150 is a -decision 
step to determine whether a chose proximity signal has been 
received by the TM. If not, then the process continues at 
determination step 152 to determine whether the counter has 
timed out. If so, a report is forwarded by the bassinet TM 
to the wall TM acting as a clntral node transceiver, 
describing the reason for thi alarm condition (step 164) . If 
the counter is determined to be other than zero at step 152, 
then the process repeats the 148-150-152 loop until either 
the counter times out or a signal is detected. If a signal 
is detected at decision step 150, a branch occurs to a 
filtering algorithm to determine whether the detected signal 
is a false signal (step 154) If it is determined that the 
signal is not a false signal, a determination is made 
whether the infant .currently (being detected by the close 
proximity antenna is in fact the infant to be monitored 
(step 166) . Such a determination will be made *by the ID 
transmitted by the infant's badge. This ID is checked 
against the IDs stored in tht association database of the 
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bassinet TM. If it is determined at step 156 that an infant_ 

other than the infant to be\ monitored is detected (i.e. an 
*. - I 

incorrect infant), the process continues at step 158. Step 
158 is a determination step to determine whether the 
detected signal is associated with a responsible party (i.e. 
staff, parent, etc.). /if not, then the process returns to 
decrement the counter At step 148. Otherwise if it is 
determined at decision slep 156 that the correct infant has 
been detected then tne process continues at step 160 where 
an infant flag is., sat true. Otherwise if it is determined 
at decision step 158 that a responsible party was detected 
then a staff /parent/ flag /is set true at step 162. From 
either step 160 or|162, the process continues at decision 
step 166, wherein £ determination is made whether both the 
infant and staff /parent flags have been set. If so, at step 
168 the pad latch, which was previously closed to initiate 
the alarm condition, is now cleared. The process then 



returns to step 74 




(Figure 5) . 



rning to Fig. 5, when the monitoring system is 
:ing in normal mode, i.jfe., the bassinet TNf has the 
green LED lit. The processor in bassinet TM continually 
monitors the infant (stenfe 92 to 100) . Decision step 94 
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makes a determination as to whether the infant is located 
within the 3G .foot safety zone perimeter of the bassinet. 
If not alarm mode processincy will occur (See steps 128-144) 
Otherwise, if the baby is Within the 30 foot perimeter, it 
5 is then determined at step 96 whether the infant is within 

the 15 foot inner perimeter. If not then the processing 
steps associated with a/ yellow alarm mode occur. 

□ 

yj Referring to Fig. 6, steps 106-126 are the processing 

yi 

Si steps associated, with handling a yellow alarm condition. 

U 

10 i= The 15 yellow alarm mode processing results from decision 



steps 96, 98, and 104 of Fig. 5. At step 106, the yellow 

J LED on the bassinet TM is lit. Where appropriate, relays 

Hi 

; U controlled by the bassinet or wall TM are activated. At 

P 

M step 108 a timer is set to some predetermined number of 
15 seconds within which the infant must be returned inside the 

bounds of the first perimeter (i.e. safety zone). At step 
100, the yellow alarm condition is transmitted to the 
central node transceiver (wall TM) . , Step 112 is a 
determination step to determine whether a valid signal has 
20 been received while the timer counts down. If not, the 

process branches to decision step 132 to determine whether 
the counter has timed out. If not the counter is decremented 
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at step 124 and the process loops back to decision step 112 
to determine if a valid signal has been received. Otherwise, 
when a signal is received at step 112 a branch occurs to the 
drop out test algorithm to determine whether the signal is 
valid. If an invalid signal determination is made the 
process branches to step 122 to determine it the counter has 
timed out. If the counter has not timed out the counter is 
decremented at step 124 and the process returns to step 112. 
Otherwise if the counter has timed out without a valid 
signal present {Bee step 116) the process continues at step 
12 6 where the yellow flags, latches, counters, and relays 
are all reset. The process then branches to the processing 
steps associated with the red alarm mode {See steps 128- 
144) . If, on the other hand, a valid signal is determined to 
be present at step 116 then the process continues at step 
118. Step 118 determines whether an associated badge signal 
is within safe distance. That is, the yellow condition was 
initially triggered from a negative response at decision 
step 96. A no response at this step indicates that the baby 
is outside the inner perimeter. When this situation occurs 
it must- be determined whether a care giver is in close 
proximity. This determination is made at decision step 118. 
If a care giver is within close proximity the yellow alarm 
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condition can be reset. This occurs at 10 step 120. The 
process then returns to step 74 of the main loop. 

Referring to Fig. 7, steps 128-144 are the processing 
steps associated with handling a red alarm condition. At 
step 128 a 3 second timer is started. Next, at. step 130, an 
alarm broadcast is made to all associated badges and the 
central node transceiver. At step 132 a determination is 
made whether a signal has been received by the. bassinet TM. 
If so, a branch occurs at step 134 to the drop out algorithm 
to determined whether the received signal is a false or a 
valid signal. If a valid signal is detected the process 
continues at determination step 136 where a determination is 
made whether a caregiver is in the room with the infant. If 
not, then the process branches to step 142 where the 3 
second counter is decremented. Next, a determination is 
made at step 144 whether the counter has timed out. If not 
the process loops back to step 132. Otherwise, if the 
counter has timed outjwith no care giver in the room the 
process loops back to step 13 0 where the alarm broadcast 
will be- re-transmitted to all associated badges* and the 
central node transceiver (wall TM) . Step 142 checks if it 
is determined at step 138 that the reset has not been 
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pressed on the primary transceiver. If so, the process 
continues at* step 138. Step 138 is a determination step to 
determine if the reset has been pressed on the primary 
transceiver. The process then continues to step 14 0 where 
the red alarm latch, flag conditions, and counters are all 
reset . 

Returning to Fig. 5, step 100\ is a decision step to 
line whether any new instructions have been received 
from the central, node transceiver/ (wall TM) . if new 
instructions are received from t/he central controller via 
the wall TM, then a branch occurs to respond to the new 
instructions. If no new instructions have been received the 
process continues at step 102. Step 102 is a determination 
step to determine whether a /read alarm has been set. If so, 
the process branches to the! steps associated with red alarm 
mode processing (See steps 1128 - 144 , described above). 
Otherwise, if not red alarri was set the process continues at 
step 104 where a determination is made concerning whether a 
yellow alarm has been set. I If so, the process branches to 
the steps associated with (yellow alarm mode processing (See 
steps 106-126, described above) . Otherwise the process 
returns to determination Btep 74 of the main loop. 
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WANDERING BABY MODE 

From time to time it is necessary, for an infant in 
maternity ward to be moved from one room or area of a ward 
to another. Such movement presents potential problems for a 
security system. The wandering baby mode addresses the 
needs of the enhanced security mode required under such a 
scenario. This mode insures that a responsible person is 
even closer to the bassinet than would normally be required. 
In operation, when a bassinet and infant are being 
transported from, point A to point B, a central node 
transceiver wall TM would pinpoint the bassinet location and 
then change the sensitivity of the primary transceiver's 
receiver in response via an RF transmission from the central 
node transceiver as a function of location. For example, 
the first perimeter safe distance could be changed from 2 0 
feet to 8 feet +/- 3. feet when movement of the infant is 
contemplated . 

INFANT/ TODDLER HOME ALARM 

Another exemplary usage of the system is to provide 
additional service outside the hospital setting. At 
discharge time, the infant anklet and the battery module of 



the badge may be given to the mother as a memento of her 
stay. . The battery module is preferably intended to attach 
to a key ring (hereinafter referred to as a Key Chain Tag, 
KCT) . The KCT would include the IR/RF transceiver designed 
to receive alarm commands and transmit ID and key press 
information, and .a piezoelectric beeper for audible alarms. 
On- the rear of the KCT is a bar code containing several 
hundred bytes of encrypted information about the child. In 
conjunction with the KCT and infant anklet which are given 
to the parents at. discharge, if a bassinet TM is also given 
to the parent, it can be attached to a crib or stroller for 
outdoor use.. Pressure pads may also be used with the crib 
or stroller as previously described. Siblings badges which 
operate in a similar manner as the infant anklet allow 
additional sibling to be monitored; and a specialty badge 
that is designed with moisture detectors that will transmit 
an alarm if in contact with water (if a pool is nearby) . 
The infant anklet remains a functioning transmitter and the 
KCT is a functioning transceiver that will continue working 
for several years. In home operation, if the infant is 
moved by anyone without the mother's KCT present, an alarm 
will occur at the KCT. This can provide a deterrent to 
curious siblings or grandparents who desire to hold the 



baby but should not . As the infant matures and begins to 
walk, the same infant anklet, KCT, and primary transceiver 
can be used to ensure the toddler stays within a certain 
distance. As the child becomes increasingly independent, 
the primary transceiver can be placed outdoors to ensure 
that the toddler . stays within an assigned play area. If the 
child roams outside the assigned play area, the primary 
transceiver will transmit an alarm to the mother's KCT. As 
an additional contemplated use, the primary transceiver can 
be configured to, alarm whenever a child enters a restricted 
area. This allows for very effective coverage when multiple 
transceiver units are used. 



SECURITY AND ACCESS CONTROL 

Although the primary transceivers primary use is as an 
infant monitoring device, the units may also be used at 
remote locations to provide access control or emergency 
alarms in areas . that _would otherwise be unprotected. For 
example, the units could be placed in the hospital parking 
lot to -minimize the threat of attack from strangers. For 
example, if a person in the parking lot feels threatened, a 
press of his or her Keychain Tag (KCT) would be received by 



the nearest transceiver to instantly identify his or her 
location. The transceiver can be pre-programmed to summon 
help in those situations. 

Other Beneficial Features 

A situation may occur involving a lost badge which 
would Compromise the security of the system. To locate the 
lost badge, an administrator may program a central node 
transceiver to transmit a "lock down" mode to all receivers 
within transmitting range. Immediately, the yellow lamps on 
each transceiver will flash thereby permitting only a few 
select people access to the newborns until the lockdown is 
cleared. Each of the transceivers receiving the 
instructions may be individually programmed to allow 
specific persons access and to deny others similar access. 
As such, a heightened security level is achieved. In 
addition, because each of the transceivers are remotely 
programmable, any particular transceiver, or all 
transceivers may be„_ins true ted to look for a match of the 
missing badge ID and report on the location of the missing 
badge and enable the audible alarm on that miss*ing badge, 
thus identifying the location of the lost or stolen device. 
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Figure 10 shows the overall connection of the 
monitoring and location system according to the present 
invention. A plurality of IR receivers (ceiling units) 10 
are connected to central server 55. Each ceiling unit 
receives IR transmissions from badges and TM units 18, 20, 
and 22. The received IR information is relayed, to central 
server 55. Based on the information received, central 
server 55 determines the location of each of all t 
transmitting badges and TMs by identifying the. ceiling unit 
which forwarded £he IDs. Central server 55 processes the 
information and stores the location information in its 
associated database. Such information is retrievable by a 
phone system PBX 50 connected to the central server. 
Location information can also be retrieved from central 
server 55 via a local area network (LAN ( 60, which in turn 
is connected to a plurality of wall transceiver modules (TM) 
22 and PC workstation 42. Within each room, badges 20 
communicate with a bassinet TM 18 by RF and communicates 
with ceiling unit 1 0_ by IR. The bassinet and wall TMs 18, 
22 transmit their ID'S to ceiling units 10 via IR. The 
bassinet and wall TM units 18 and 22 communicates with each 
other in RF. U.S. Patent No. 5,455,851 describes in detail 
the communication of location information having a structure 



similar to the illustrative system of the present invention. 
The disclosure of the '851 patent is incorporated by 
reference herein. 

In operation, infant badge 15 and badge 2 0 communicate 
to bassinet TM 18. Badges 20 also communicates their IDs to 
IR receiver 10. Information received by bassinet TM 18 is 
communicated to wall TM 22, which can be forwarded to 
central server 55 through LAN 60. Accordingly, the precise 
location of each transmitting badge and transceiver module 
is known at central server 55. Such information is 
retrievable from any TM 18 or 22 by keypad selection for 
location information. All information forwarded from 
bassinet TM 18 can be forwarded to central server 55 via 
wall TM 22 and LAN 60 including alarm conditions. Upon 
receipt of such alarm conditions by central server 55, 
response commands can be issued by central server 55 to all 
personnel or a nurse station at workstation 42 to take 
necessary measures. Each of the wall TM 22 and 23 is 
capable of activating_actuators such as nurse follow dome 
light 56 outside of each room. Triggering of relays to 
activate locks at entryways by TMs 22, 23 is also 
contemplated. With the location and association technology 
employed according to the present invention, each infant, 
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caretaker, and parent location and identity can be 
dynamically pinpointed and their movement tracked. Further, 
different alarms can be set and conditions interrogated to 
appropriately respond according to designed commands . 

It should be understood that various changes and 
modifications to. preferred embodiments described herein will 
be apparent to those skilled in the .art without departing 
from the spirit and the scope of the invention. 



